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ABSTRACT
We present limits on the anomalous magnetic and quadrupole moments of the W-
boson in SU(2)®U(1) models with two Higgs doublets. We give the contributions
to these moments from the charged and neutral Higgs bosons beyond the Standard

Model. The main result is that these extra components increase the moments by

0.1% and 0.03% respectively.
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The two-Higgs-doublet extension® of the Standard Model (SM) has been stud-
ied for various reasons. These include spontaneous CP violation?, and supersym-
metric extensions of the SM3. It is also possible that the two-Higgs-doublets are
among the debris left over from the breaking of some grand unified physics. What-
ever the deeper reason for its existence may be, we deem that the effects of the
two-Higgs-doublet extension are worth examining. In this paper, we focus on its
contributions to the anomalous magnetic moment, «, and Z.—o quadrupole moment,Q
,.0». the W-boson. The important reasons for studying these quantities are well em-
phasized in the literature? and we shall not repeat them here. It suffices to mention
that & will be measured in experiments at LEP II® at the SSC, possibly at the

Tevatron, at SLC®, and also at high energy photon-electron colliders’.

In the SM, & is one at the tree level, and Q is zero. It is well known that
a useful quantity to probe the physics beyond the SM is the deviation of « from
unity.We denote this deviation by Ak. In particular , Ax > 1 is not ruled out by
current data®.Theoretically, in some models of composite W-bosons a value as high
as 3 can be obtained®. Moreover, in most weakly coupled, renormalizable theories,
Ak is expected to be of order a/=; in marked contrast to composite models. An
upper bound of Ax = 1.5 % and AQ = 0.25 % has been obtained in ref.10 for the

SM, for favorable values of t-quark and Higgs boson masses.

The modest aim of this paper is to obtain similar bounds on Ak and AQ for
the two-Higgs-doublet model. This is done with the assumption that perturbation
theory holds for the model, which in turn implies that the masses of the three
neutral and two charged Higgs bosons are less than a few Tev/c?.!! Otherwise, the
theory becomes strongly interacting and invalidates our calculation. Furthermore,
for technical wmgvzwm»%q we will assume that all neutral Higgs bosons have the same

mass, My. As we shall see later, the masses of the neutral Higgs bosons enter as
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m+
= 2.5b
H AE. + Ew.v ’ (2.86)

where HY and HJ are physical scalar fields, HY is a physical pseudoscalar field.
The unphysical fields Gt and G° are just the SM ones. The usual gauge fixing
conditions hold. Substituting egs.(2.5a) and (2.5b) into 2.1, it can be shown that
G° does not mix with H) and similarly for G* and H* . Then, it is clear that
new contributions come entirely from H* HJ and HJ. Due to the assumed CP
invariance H? will not mix with either HY or H. However, H} and HY can in
general mix. We can parametrize this mixing with yet another angle 6. Denoting

the mass eigenstates by k) and h} we get
kY = H{ cos@ + HJ siné , (2.6a)

h = —H?sin6 + HJ cosf . (2.6b)

Henceforth, we shall work only with these physical states.

The vertices can be easily derived from the Lagrangian when expressed in the
fields defined in eqs.(2.5) and (2.6).The useful ones are listed in fig.1 . Using these,
we obtain the one loop contributions to the YW W~ vertex, which are depicted in
fig. 2, where the kinematics is also defined.

Following previous notation'?'? we can write the most general CP and elec-

tromagnetic gauge invariant vertex as:

Tuur n..o,?_uv{: +4(Q¥ g™ — Q*¢g™)]
(2.7)

+2(k —1)(Q*g™ — Q*g*)+ f@m uyo.é.@
w

It can be shown that the diagrams of fig.2(b-d) contribute to gauge terms and

are not relevant to Ax or AQ. The sole contribution comes from fig.2a. After

some calculation and using standard techniques of dimensional regularization in

6

the t’Hooft-Feynman gauge we obtained:

1
(=2t* + (2 + F)t* — Ft?)dt
Ak = |wn\ W iF 6 , (2-8)

1

tclc&
DQ = Mﬁ\mﬂmult y Am.wv
o

2
irmnoaH%\w@au mbmu..,ﬂu.fu!mg&évmnmmﬂmmlmb&n"ﬂﬁ.w.

w
From these, we derive the upper bound on Ax and AQ for the two-Higgs-

doublet model. The above equations were given for one neutral Higgs boson. One

sums over h},hY and HY to obtain the total contribution.
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IV Conclusions

We have calculated one loop corrections to the magnetic and quadrupole mo-
ments of the W boson in the two-Higgs-doublet extension of the SM. It is found that
the maximum contributions to Ax and AQ in this extension are respectively 1.6%
and 0.28%.This is in accordance with the expectation of perturbation theory if the
Higgs boson is not strongly interacting. It was found previously that each possible
heavy fermion in an SU(2) doublet gives a contribution to Ak less than 0.4%. It
is interesting that heavy fermion doublets give a larger contributions to Ax than
Higgs bosons. We can conclude that extending the SM by adding one extra fermion
family and/or one extra Higgs doublet cannot add to Ax by more than 0.03. To
get a large correction to the anomalous magnetic moment this way would require a
ridiculously large number of Higgs bosons or fermion families. Enlarging the scalar
sector by adding SU(2) singlets will not affect Ax or AQ significantly at the one
loop level. Therefore, if a Ak of 10% or more were measured, it would be a very

strong indication that non-perturbative physics is at work; such as compositeness of

the W-boson or strongly interacting Higgs boson. We have certainly not exhausted -

all possible extensions of the Higgs sector in SU(2) ® U(1) theories and determined
their contribution to Ax and AQ. Our work does indicate that Ax and AQ are not
sensitive to variations in this sector as long as it remains a weakly coupling one. It
would be interesting to determine at least semi-quantitatively A« and AQ for other,
more elaborate embeddings of the Standard Model. In particular, the supersymmet-
ric standard model with broken supersymmetry and a plethora of super-particles
may add to Ax and AQ beyond the contributions we calculated. Exact calculations

will be interesting and our work will be of use in such an attempt.
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